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ABSTRACT. The United States has agreed to join with the international community in reducing its green-
house gas emissions to 7% below 1990 levels. To aid in this goal a Geographic Information System (GIS)
based deterministic model was created to assess the potential impact of different land-use strategies for
mitigating Ohio's carbon dioxide (CO2) emissions and lowering its total CO2 budget. CO2 was chosen as
the greenhouse gas of focus for this study because it has been identified as a significant greenhouse gas
impacting the climate and it is the only greenhouse gas capable of being anthropogenically sequestered
from the atmosphere.
A comprehensive CO2 emissions and absorptions database inventory using 1996 as a baseline was
compiled for Ohio. A mathematical model of the total CO2 budget and the relationship between CO2
sources and sinks was developed. The model allowed for a quantitative assessment of features influencing
Ohio's CO2 budget.
Additionally, this study evaluated the ability of forestation to act as a sink for atmospheric CO2 in
the budget. Using a GIS, areas of new forest were created and the acreage of new forest created was used
to recalculate the CO2 budget model. The new forest areas were created by implementing theoretical
policies within the GIS designed to create new forest throughout the state in an attempt to reduce its
greenhouse gas emissions to 7% below 1990 levels by the commitment period of 2008-2011. Through
the enactment of various forestation policies in this study, it was determined that practical and easily
implemented increases in forestry could play a significant role in offsetting some of Ohio's CO2 emissions.
However, making these simple increases in Ohio's forest acreage will not meet the necessary reduction
on its own. Ohio will also have to take action to lower its emissions of CO2 by decreasing its dependency
on fossil fuels. The techniques used in this study may be a valuable tool in helping to design strategies
and practical policies to address our international responsibilities.
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INTRODUCTION
During July 1992, the United Nations Framework Con-
vention on Climate Change (UNFCCC) met in Foraleza,
Brazil, to address the issue of climate change. The
UNFCCC concluded at this meeting that precautionary
measures should be taken to mitigate anthropogenic
greenhouse gas emissions because of the mounting
evidence linking the emissions to global climate change.
The Intergovernmental Panel on Climate Change (IPCC),
established in 1988 by the World Meteorological Or-
ganization and the United Nations Environment Pro-
gramme, specifically states that all United Nations parties
should formulate, implement, publish, and update
national and regional programs containing measures to
mitigate anthropogenically related sources of green-
house gases (IPCC 1996). The IPCC recognized that a
regional focus is important for mitigating anthropogenic
greenhouse gas emissions because activities that are
responsible for these emissions differ greatly from one
region to the next. Additionally, regional and state or-
ganizations have several advantages over national
organizations that allow them to more easily pass legis-
lation intended to mitigate these emissions, including the
flexibility of collective action and a better capability to
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negotiate and initiate policy (Glantz 1994).
More recently, during December 1997, the UNFCCC
met in Kyoto, Japan, to once again address the issue of
climate change. At this meeting it was agreed upon that
measures should be taken to implement and/or further
elaborate upon policies designed to reduce emissions
and enhance sinks of greenhouse gases. Based upon the
proceedings at the Kyoto conference, the UNFCCC drafted
the Kyoto Protocol to the United Nations Framework
Convention on Climate Change (UNFCCC 1997). It was
concluded in Article 2 of this protocol that there is an
urgent need for all parties of the United Nations to build
upon policies such as those dealing with the:
"Protection and enhancement of sinks and reservoirs
of greenhouse gases not controlled by the Montreal
Protocol, taking into account its commitments under
relevant international environmental agreements;
promotion of sustainable forest management practices,
afforestation and reforestation; Promotion of sustainable
forms of agriculture in light of climate change
considerations; Promotion, research, development and
increased use of new and renewable forms of energy,
of carbon dioxide (CO2) sequestration technologies and
of advanced and innovative environmentally sound
technologies" (UNFCCC 1997).
At the Kyoto convention, participating nations agreed
upon specific quantified emission limitations and reduc-
tion commitments of greenhouse gas emissions to miti-
gate potential climate change. The agreed upon reductions
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were percentage values below each country's or com-
munity's 1990 emission levels, which that country or
community will have to attain sometime during the
commitment period of 2008 to 2012. The United States
agreed to reach a reduction of 7% below 1990 emission
levels by the commitment period.
The first objective of this research was to evaluate the
CO2 budget for the State of Ohio in order to evaluate
the effects of forestation as a sink for atmospheric CO2.
The second objective in this study was to determine the
potential impact that different hypothetical forestation
policies could have on mitigating Ohio's CO? emissions.
Although the methodologies developed through this
study are presented using the State of Ohio, they are
applicable to the rest of the United States. There were
several procedural steps taken to accomplish the ob-
jectives of this study: 1) a comprehensive database in-
ventory for major CO2 sources and sinks for Ohio that
quantified CO? emissions and absorptions was com-
piled, 2) a mathematical model of the total CO2 budget
that allowed for the investigation of the relationship
between the major sources and sinks was developed,
3) a forestry focused land-use GIS model that allowed
for the implementation of afforestation plans used to
calculate changes in total forest cover was created, and
4) the changes in total forest were entered into the CO2
budget model so that the effectiveness of the forestation
policies could be evaluated.
Water vapor, methane (CH4), carbon monoxide (CO),
chlorofluorocarbons (CFCs), partially halogenated
fluorocarbons (HCFCs), ozone (O ), perfluorocarbons
(PFCs), sulfur hexafluoride (SF6), and nitrous oxide
(N2O) are all greenhouse gases along with CO2 that are
emitted into the atmosphere from anthropogenic ac-
tivities. However, when comparing the relative anthro-
pogenic contributions of these gases towards potential
climate change, CO2 has the greatest impact and was
therefore chosen as the focus for this project. Increases
in atmospheric CO2 as a result of the industrial revolu-
tion and a rapidly rising world population have made
the largest individual contribution to potential changes
in the atmospheric greenhouse gas composition (IPCC
1995). Before the start of the industrial era in 1850, at-
mospheric CO2 levels were approximately 280 parts per
million by volume (ppmv), but in 1994 had risen to 358
ppmv, and are still rising today. Finally, CO2 is also the
only greenhouse gas capable of being anthropo-
genically sequestered out of the atmosphere.
METHODOLOGY
Compilation of Ohio's CO2 Inventory
An inventory that quantified the principal sources
and sinks of CO, (emissions and absorptions) within the
state of Ohio was compiled using 1996 as a baseline
year (Guy and Levine 1999). This inventory was used to
calculate the annual CO2 budget. The inventory was
compiled following internationally accepted meth-
odologies for the calculation of CO2 emissions and ab-
sorptions that are published in: 1) the IPCC Guidelines
for National Greenhouse Gas Inventories: Vols. 1-3
(IPCC 1997), and 2) the State Workbook: Methodologies
for Estimating Greenhouse Gas Emissions, Second
Edition (US FPA 1995). These references were created
to encourage the development of both national and
regional CO2 inventories. The protocols provided by
these references typically consisted of formulae that re-
quired the specific input of regional production or
consumption figures, carbon content coefficients, and
CO2 emission coefficients. The figures necessary for
input in these formulae were found through research
and communication with various regional and national
organizations and businesses. A detailed discussion of
the steps taken, data sources used, and the assumptions
made in quantifying CO2 emissions and absorptions in
Ohio for 1996 would be beyond the scope of this paper,
however, detailed documentation is available through
Bowling Green State University and the Ohio Environ-
mental Protection Agency (Guy 1998; Guy and Levine
1999).
The primary sources and sinks of CO2 in Ohio were
identified as being part of one of four major categories
in this inventory: energy related activities, production
processes, landfills, and forestry. Energy related activities
included CO, emissions from the combustion of fossil
and biomass fuels. Fossil and biomass fuels included
those combusted in Ohio's transportation, industrial,
electric utility, commercial, and residential sectors. Pro-
duction processes included CO2 emissions from alumi-
num production, cement production, lime production,
and limestone use. CO7 emissions from municipal solid
waste landfills were also considered. CO2 absorptions in
this inventory consisted of CO2 absorbed from existing
forest and from net new forest area created. The absorp-
tions of CO2 occurred due to biomass growth and the
accumulation of soil carbon. Absorptions from net new
forest also included CO2 sequestered as a result of tree
planting activities.
Limitations of the Inventory
Several qualitative and quantitative limitations existed
during inventory development due to the availability
and uncertainty of the data. In some cases the data limi-
tations resulted in the exclusion of some CO2 sources
and sinks from this inventory. The protocols delimited
in the greenhouse gas inventory workbooks permitted
for the input of either statewide totals or county level
data. Ohio CO2 emissions and absorptions were assessed
using specific county level data when available, under
the presumption that these data would be more accurate
than statewide totals. When county figures were un-
obtainable, CO2 emissions and absorptions were cal-
culated using the statewide totals. Additionally, some
information sources are not published annually, but at
intervals of several years. Therefore, if 1996 data were
unobtainable the most recent data available were as-
sumed to be similar to those from 1996.
Because the scientific understanding surrounding
some CO2 emissions and absorptions are uncertain,
internationally accepted techniques necessary for the cal-
culation of some CO2 sources and sinks do not exist.
Additionally, some internationally accepted methods did
not apply to the available data. Therefore, in a few cases
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methodologies had to be adapted to the available data
in order to quantify some of the CO2 emissions and
absorptions documented in this inventory. The inven-
tory was designed to allow for the quantities to be
updated annually, as well as allowing the quantities to
be compared to similar inventories from other states.
Also, because this inventory was produced using in-
ternationally accepted methods, it is capable of being
combined with similar regional, national, or inter-
national inventories.
CO2 Budget Model Development
After the CO2 inventory was complete, the calcula-
tion of Ohio's CO7 budget for 1996 was made using a
mathematical model developed with the STELLA
modeling program (High Performance Systems Inc.
1996). The STELLA modeling program is an object
oriented (visual) model-building environment. The soft-
ware is commonly used for earth systems science
applications where the complex relationships of multi-
component dynamic systems can be better understood
in a visual/flowchart representation. Models developed
are a series of linked formulae that could have been
implemented within a spreadsheet system or by
writing a program. STELLA was chosen over the other
modeling options because of its visual interface that
allowed the state's CO2 budget to be displayed as a
conceptual mass balance model. A conceptual model
illustrating the relationships between the CO2 budget,
the primary sources and sinks of CO2 within Ohio, and
forest acreage changes within Ohio is presented as
Figure 1.
Emission and absorption quantities calculated in the
CO2 inventory were entered into the model in order to
define each source and sink of CO2, and were related to
the total CO2 budget using equations within the model.
Sources of CO2 within Ohio were designated as positive
flows in the CO., budget because they contributed to
atmospheric CO2, while sinks of CO2 were designated as
negative flows from the total CO2 budget because they
sequestered atmospheric CO2. Hypothetical forestation
policies were enacted in this study using a GIS (these
hypothetical policies are discussed in the following sec-
tion). The policies were intended to offset the CO2 emitted
by creating additional forest acreage within Ohio. The
initial calculation of Ohio's CO2 budget for 1996 was
used as a baseline for all potential changes resulting
from the forestation policies. The equations in the mathe-
matical model were set up so that any changes in forest
acreage could be used to calculate an amended total
CO2 budget value. Changes in Ohio's forest acreage en-
hanced CO2 sequestration through additional biomass
growth and soil carbon accumulation. The policies were
then evaluated by the impact that they had on mitigating
CO2 emissions and lowering the total CO2 budget.
Modeling Effects of Land-Use Forestation Policies
Using GIS
In order to evaluate the possibility of using increases
in forestry within the state of Ohio to offset some or all
Limestone Use
Tree Planting Activities
Lime Production
Cement Production
Aluminum Production
Commercial Sector
Residential Sector
Industrial Sector
New Biomass Growth
Acres of New Forest Created
Fuel Wood Combustion
FIGURE 1. Conceptual model of Ohio's CO2 budget showing major sources and sinks, and the relationship between new forest acreage created
and CO, absorbed.
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of the state's CO2 emissions, hypothetical land-use
policies designed to create more forestry within the state
were enacted using a GIS. These policies were designed
to produce additional forest in a way that would be as
least disruptive to the people of the state as possible. The
new forest areas were created alongside existing forests,
railroads, primary roads, and rivers/streams of the state
as buffer zones. These areas were chosen because they
are places where there would most likely be minimal
impact on existing land uses and development. Addi-
tionally, these areas often remain free of forest and
brush despite not being used for any type of develop-
ment. Different forested buffer zones along existing
forests, railroads, primary roads, and rivers/streams
created different totals of new forest. Through the enact-
ment of these various land-use forestation policies, data
were produced which provide a clearer picture of the
role that increasing Ohio's forestry could play in off-
setting CO2 emissions and lowering the CO2 budget for
the state through sequestration of CO2 in the newly
forested areas.
The land-use policies were enacted using a GIS with
ARC/INFO software (ESRI 1995). The primary data sets
consisted of a natural area land cover image provided
by the Ohio Department of Natural Resources (ODNR) -
Division of Wildlife (ODNR 1987), and coverages of the
railroads, primary roads, and rivers/streams within the
United States published by Environmental Systems Re-
search Institute (ESRI 1992). A total of eleven hypo-
thetical policies were enacted using the GIS: two using
Ohio's existing forests, three using Ohio's railroads, three
using Ohio's primary roads, and three using Ohio's
rivers/streams.
The Distribution of Ohio's Wetlands and Woodlands
(ODNR 1987) image was assembled from Landsat 5
images, aerial photographs, and United States Geological
Survey digital line graph files, and was converted into
a grid format so that its forest data could be manip-
ulated. An Arclnfo polygon coverage of Ohio's forests
was then constructed from this image (Fig. 2). When
looking at this coverage there appears to be solid forest
across many parts of the state where in actuality there
may not be. This is because some of the detail of the
forest polygons was unable to be represented when
printing this coverage at such a small scale. The enlarged
view of the forest areas in Athens County (southeastern
Ohio) illustrates that many areas that appear to consist
of only forest at a smaller scale actually do not. Cov-
erages of Ohio's primary roads, railroads, and rivers/
streams were constructed from the ESRI (1992) coverages
of the United States. A polygon coverage of Ohio's
boundary was created so that the United States coverages
of primary roads, railroads, and rivers/streams could
be clipped to fit into it to create final coverages. These
final coverages were then projected from decimal de-
grees to UTM zone 17 (the same projection as the forest
50 50 Miles
Ohio Boundary
Forests W
FIGURE 2. Polygon coverage of Ohio's forests (7,819,500 total acres of forest), along with a zoomed in look at an area in Athens County.
Coverage constructed using data from ODNR (1987).
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coverage). The primary roads, railroads, and rivers/streams
coverages were then buffered to create zones of new
forest. Buffer zones of 3, 10, and 20 m were created along
Ohio's primary roads, railroads, and rivers/streams. A
coverage of Ohio's primary roads and a coverage showing
the 3, 10, and 20 m buffer zones of new forest created
along Interstate 75 (a primary road) are shown in Fig-
ure 3- Distances of 3 and 20 m were thought to repre-
sent the smallest and largest rational amounts along
Ohio's primary roads, railroads, and rivers/streams that
could be buffered. The determination of rational dis-
tances for the buffer zones was made by analyzing
selected imagery for open space adjacent to these fea-
tures. The existing forest coverage was also buffered
by zones of 3 and 10 m to simulate new forest creation
along existing forest boundaries. Distances of 3 and 10 m
were determined to represent the smallest and largest
rational amounts along Ohio's existing forests that
could be buffered.
A series of intersections were performed with the
existing forest polygon coverage and the buffered rail-
roads, buffered primary roads, and buffered rivers/
streams coverages to produce new coverages containing
the polygons common only to both input coverages. An
intersection of these coverages with the original forest
coverage was used so that a determination of new forest
acreage could be made. Once the newly created forest
acreage figures were determined for each GIS hypo-
thetical policy, the CO2 budget mathematical model for
Ohio was utilized to calculate and evaluate the impact
that the policies had on lowering Ohio's CO2 budget.
Issues in Data Accuracy and Map Scale
When dealing with the manipulation and generation
of data using GIS, a major concern exists regarding the
quality of the data used. The scale of a map expresses
the relationship of the actual size of a geographic fea-
ture on the surface of the earth to its size depicted on a
map. At smaller scales, geographic features cannot be
displayed with the same amount of detail as with larger
scales. The amount of detail that is omitted is inversely
proportional to the scale. Because all of the detail dis-
played at a larger scale can not be displayed at a smaller
scale, features must be generalized (Thompson 1981).
The coverages of Ohio's railroads, primary roads, and
rivers/streams constructed from the ESRI (1992) data
were at a scale of 1:2,000,000. Because the data existed
at such a small scale, it is likely that the amounts of
area constructed as new forest buffer zones are some-
what conservative estimates. This is due to the fact that
some of the curvature that may actually exist along
these features is lost due to generalization, thereby
making the perimeter of these features less than it
actually is. The same holds true with the buffers created
along Ohio's forests using the Distribution of Ohio's
Wetlands and Woodlands (ODNR 1987) at a scale of
80 80 Mites
A / Ohio Boundary
A / primary Roads
Route 75 (Primary Road)
3 Meter Forest Buffer
10 Meter Forest Buffer
20 Meter Forest Buffer
FIGURE 3- A coverage of Ohio's primary roads, and a coverage showing 3, 10, and 20 m buffer zones of new forest created along Interstate 75.
Coverages constructed using data from ESRI (1992).
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1:40,000. Because this map is at a larger scale than the
ESRI (1992) coverages, there would be less generaliza-
tion; however, the amount of new forest area created in
the buffer zones are probably conservative figures as
well. When calculating the amount of buffer area in any
of the individual coverages, errors that exist deal with
the magnitude of the area and not position of the buffers.
When the coverages of Ohio's railroads, primary
roads, and rivers/streams were intersected with Ohio's
forest coverage to determine how much forest existed
originally in the buffer zones, possible errors regarding
the position of the buffers were introduced. At different
map scales there is a different amount of possible posi-
tional error associated with the displayed geographic
features. Therefore, it is possible that there is some error
regarding the area of forest that existed in the buffer
zones due to the effects of the different scales.
RESULTS AND DISCUSSION
Ohio's CO2 Budget for 1996
Ohio was found to have a net emission of 214,038,081
tons of CO? into the atmosphere during 1996 (Table 1).
This CO2 budget was calculated as the net balance of
CO2 emissions and absorptions within the state during
1996. Emissions from energy related activities (which
included emissions from the combustion of fossil and
biomass fuels in Ohio's transportation, industrial, electric
utility, commercial, and residential sectors) were found
to contribute far more CO2 to the atmosphere than any
other major source category of CO2 in Ohio during 1996.
Emissions of CO2 from energy related activities com-
prised over 98% of the total CO2 emissions from major
source categories in Ohio during 1996, as compared to less
than 1% each for landfills and production processes.
CO2 absorbed from existing and new forestry in Ohio
during 1996 was equal to 89,227,483 tons.
TABLE 1
CO2 emissions and absorptions in Ohio during
1996 by major source and sink category.
Major CO2 Source or
Sink Category
CO2 Emission and Absorption
Amounts (tons CO )*
Energy related activities** 297,957,759
Production processes*** 2,272,804
Landfills 3,035,001
Forestry (existing and new)**** -89,227,483
Total CO2 budget for Ohio during 1996: 214,038,081
•Positive values are emissions, negative values are absorptions.
"Includes CO2 emissions from the combustion of fossil and biomass fuels in
Ohio's transportation, industrial, electric utility, commercial and residential
sectors.
***Includes CO2 emissions from aluminum production, cement production, lime
production, and limestone use.
****Includes CO2 absorption from biomass growth, soil carbon accumulation,
and tree planting activities.
Necessary Reductions of Ohio's CO2 Budget
At the Kyoto conference, the United States agreed to
reductions in its greenhouse gas emissions by 7% be-
low 1990 levels by the commitment period of 2008 to
2012 (UNFCCC 1997). This research was adapted to ad-
dress commitments similar to those made at Kyoto.
This study differs, however, in that it concentrates only
on CO2, and uses 1996 instead of 1990 as the baseline
year from which Ohio will reduce CO2 emissions by
7%. The choice was made to use 1996 rather than 1990
emissions and absorptions data as the basis for this
study so that the most current information on Ohio's
CO2 budget could be provided. This study evaluates the
potential for using increases in forest acreage as an ap-
proach towards offsetting Ohio's CO9 emissions. Ohio's
CO2 budget for 1996 was a net emission of 214,038,081
tons of CO2 (Table 1). This study attempted to lower
the total CO2 budget for Ohio solely through in-
creased sequestration in forestry to a net annual
emission of 199,055,415 tons of CO2 (7% below 1996
levels). Assuming a CO2 emissions freeze at 1996 levels,
Ohio would have to absorb an additional 14,982,666
tons of CO2 annually, sometime before the end of 2011
(the end of the commitment period) in order to meet
the goals established in this study.
It was assumed, based upon data from the natural
area land-cover image (ODNR 1987) and supplemental
information, that during 1996 Ohio had 7,819,500 acres of
existing forests (equivalent to 29-6% of the total state
land area). The 1987 image was used because it is the
only complete GIS image that contains forest coverage
data for the entire state of Ohio. The assumption made
on the amount of forest acreage for 1996 within the
state for this study was reasonable based upon the fact
that during 1991 Ohio had 7,620,300 acres of forest
(Griffith and others 1993), and that this acreage was
projected to increase by 85,200 acres on an annual
basis over the next several years. This amount of forest
was calculated in the CO2 inventory to sequester
88,308,220 tons of CO2 annually.
It was determined that in order to sequester the
necessary amount of CO2 to lower Ohio's CO2 budget
by 7% (assuming an emissions freeze at 1996 levels),
1,326,682 acres of new forest would need to be created
by the end of the year 2011. The amount of new forest
that must be created is equivalent to converting approx-
imately an additional 5% of the state of Ohio to forest.
Assuming a CO2 emissions freeze at 1996 emission levels,
and that the proposed increases in Ohio's forestry
would begin during the year 2000 for the purpose of
meeting this goal, an average of 120,607 acres of new
forest would need to be created each year before the
end of 2011 in order to meet the goals established in
this research that are similar to those made in the
Kyoto agreement.
Evaluation of Enacted Hypothetical Forestry
Policies
Theoretical land-use policies were designed to create
areas of new forest with the least disruption of existing
land-uses. The amount of CO2 sequestered out of the
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atmosphere from the enacted land-use forestation pol-
icies depended on whether Ohio's forests, primary
roads, railroads, or rivers/streams were buffered (Table
2). The results were somewhat similar when Ohio's rail-
roads, primary roads, or rivers/streams were buffered
with 3, 10, or 20 m of forest, as not enough forest was
created in any of these policies to come close to reduc-
ing Ohio's CO2 budget by the desired 7%. When Ohio's
existing forests were buffered, however, much greater
reductions in Ohio's CO2 budget were attained. A 3 m
buffer on Ohio's forests was able to reduce Ohio's CO2
budget by over 1%, while a 10 m buffer accomplished a
reduction of over 4%. Figure 4 illustrates the effects that
different combinations of land-use policies had on Ohio's
CO2 budget. A policy that buffered Ohio's primary roads,
railroads, and rivers/streams at the same time was more
successful in reducing Ohio's CO2 budget than if any one
of these features were buffered alone. However, less
significant reductions were made by buffering Ohio's
railroads, rivers/streams, and primary roads simultaneously
than were made by buffering Ohio's existing forests using
a 3 or 10 m buffer distance. By buffering Ohio's existing
forests, railroads, rivers/streams, and primary roads
simultaneously, the most significant reductions in Ohio's
CO2 budget were made. However, none of the land-use
policies or land-use policy combinations were able to
attain the desired 7% reductions.
TABLE 2
Reduction in Ohio's annual CO., budget that would
be attained prior to the end of 2011 from each
land-use forestation policy enacted. *
Policy Target
Railroads
Rivers/Streams
Primary Roads
Forests
Buffer
(meters)
3
10
20
3
10
20
3
10
20
3
10
Forest
created
(acres)
12,398
44,961
90,469
12,291
41,593
83,297
11,391
46,488
93,462
240,081
806,374
CO,
Sequestered
(tons)
140,014
507,760
1,021,696
138,806
469,723
940,704
128,643
525,004
1,055,498
2,711,316
9,106,650
Budget
reduction
(%)
0.07
0.24
0.47
0.06
0.22
0.44
0.06
0.25
0.49
1.27
4.26
"Assuming a CO, emissions freeze at 1996 levels and that the increase in
forest acreage would be completed prior to the end of 2011.
SUMMARY AND CONCLUSIONS
The development of Ohio's CO, inventory for 1996
provided information on the significance of each source
and sink of CO2 within the state. Energy related activi-
ties were found to account for over 98% of the total
CO2 emissions for the state, while emissions from land-
fills and production processes comprised the remaining
2%. The CO budget information from this inventory
215
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0 3 10 20
Buffer Distance (m)
a Roads, Railroads and Rivers/Streams
o Roads, Railroads, Rivers/Streams and Forests
o Forests
FIGURE 4. Effects of different land-use policies on Ohio's CO, budget
relative to the desired CO2 budget set in this study (7% below 1996
levels).
also served as the basis for evaluating the hypothetical
land-use policies developed to mitigate Ohio's CO2 bud-
get. The mathematical model permitted the assessment
of the effectiveness of the hypothetical land-use policies
based on the total CO2 budget for Ohio.
It was determined through the enacting of the land-
use forestation policies in this study that increases in
Ohio's forest acreage could prove useful in offsetting
some of its CO2 emissions. The most successful single
policy enacted through this study was one that buf-
fered Ohio's existing forests with 10 m of new forest
and subsequently reduced Ohio's CO2 budget by over
4%. Therefore, if Ohio is to lower its annual CO2 bud-
get 7% by 2008-2012 in order to be in accordance with
the goals established in this study that are similar to the
national goals made at Kyoto, not only will it have to
make realistic increases in its forestry acreage, but will
also have to take action to lower its emissions of CO2.
Part of the difficulty in lowering Ohio's CO2 budget
is due to the fact that Ohio is a tremendous contributor
of CO2 to the atmosphere, typically ranking in the top 25
by per capita of all nations and states in the world
(Lashof and Washburn 1990). Although none of the land-
use policies were able to lower Ohio's CO2 budget by
7%, the United States may be able to lower its total
CO2 budget by 7% by enacting similar policies con-
currently in other states. The amount of forest needed
for a US reduction of CO2 to the 1990 levels could be
calculated using the methodology developed in this
study. Based on the total acreage of additional forest
needed, policies could be enacted at a national level to
meet our international commitments.
Increasing the amount of forest area within Ohio may
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appear a very difficult task, due to conflicts in land-use
and resource allocation. However, since 1940 the amount
of forested land in Ohio has been determined to have
already experienced a net increase on an annual basis
(Powell and others 1993). Further practices to ensure the
continued and accelerated net increases in forested land
could be accomplished by sustaining existing forest
cover while slowing deforestation, regenerating natural
forest areas, establishing new tree plantations, and pro-
moting agro-forestry practices. Governmental policies,
industry support, and community action are all integral
parts in creating new forest, which in turn will help to
sequester atmospheric CO2. In addition to mitigating
atmospheric CO,, increases in Ohio's forest area would
provide many other environmental benefits as well.
Through increasing its forest area Ohio would decrease
soil erosion and runoff, create new wildlife habitats, and
also decrease air pollution. It is also likely that some of
the additional biomass created could be used to pro-
duce needed energy, thereby being developed into an
economically feasible form of alternative and renewable
energy to replace some fossil fuel usage.
Although it may be impractical to think that a state's
contributions to potential climate change could be entirely
offset by increasing forestry alone, forestation policies
could play a significant role as a component integrated
plan to decrease a state's atmospheric CO2 levels. It is
important to realize that the economic, political, societal,
and ecological costs of reforestation could be quite lower
than the costs of suddenly decreasing the use of fossil
fuels. Because it may be difficult for Ohio to immediately
decrease its CO2 emissions from fossil fuel usage, short
term ways to lower the CO2 budget must be evaluated
and developed for implementation while economically
sensible alternative energy practices to replace some
fossil fuel usage are developed. As agricultural, grass-
lands, and urban lands are converted to forest, the amount
of carbon stored in biomass above and below ground
on these lands increases. Therefore, forestation increases
offer the potential of dramatically lowering Ohio's or
any state's CO2 budget through the sequestration of CO2.
ACKNOWLEDGMENTS. The authors thank Joseph Frizado for his assis-
tance with this research. Gratitude is additionally extended to Robert
Vincent, Charles Kahle, and two anonymous reviewers for their
comments and suggestions. Computing resources and funding for
this research were provided by the Department of Geology at Bowling
Green State University. Partial support for this paper was provided by
the Geology Fund of The Ohio Academy of Science.
LITERATURE CITED
ESRI [Environmental Systems Research Institute]. 1992. ArcUSA
1:2,000,000 Coterminous US. Redlands, CA.
ESRI. 1995. ARC/INFO (version 7.1). Redlands, CA.
Glantz MH, editor. 1994. The Role of Regional Organizations in the
Context of Climate Change. New York: Springer-Verlag. 203 p.
Griffith DM, DiGiovanni DM, Witzel L, Wharton EH. 1993. Forest
Statistics for Ohio, 1991. United States Department of Agriculture
(USDA) Forest Service. Resource Bulletin NE-128. 169 p.
Guy ED. 1998. The development and testing of a GIS-based carbon
dioxide budget model for the State of Ohio. [MSc thesis] Bowling
Green (OH): Bowling Green State University. 149 p.
Guy ED, Levine NS. 1999. Development of a CO2 inventory for Ohio
using 1996 as a baseline: Report to the Ohio Environmental
Protection Agency. Lazarus Government Center, PO Box 1049,
Columbus, OH 43216-1049. 49 p.
High Performance Systems Inc. 1996. STELLA Research Software.
Hanover, NH.
IPCC [Intergovernmental Panel on Climate Change]. 1995. Climate
Change 1995: Radiative Forcing of Climate Change and An Evalua-
tion of the IPCC 1992 Emission Scenarios. Great Britain: Cambridge
Univ Pr. 347 p.
IPCC. 1996. IPCC Second Assessment: Climate Change 1995.
Intergovernmental Panel on Climate Change, Organization for
Economic Co-Operation and Development. Paris, France. 64 p.
IPCC. 1997. IPCC Guidelines for National Greenhouse Gas Inven-
tories, 3 volumes: Vol. 1, Reporting Instructions; Vol. 2, Workbook;
Vol. 3, Draft Reference Manual. Intergovernmental Panel on
Climate Change, Organization for Economic Co-Operation and
Development. Paris, France. 950 p.
Lashof D, Washburn E. 1990. The Statehouse Effect: State Policies to
Cool the Greenhouse. National Resources Defense Council.
Washington, DC. 144 p.
ODNR [Ohio Department of Natural Resources]. 1987. Distribution of
Ohio's Wetlands and Woodlands (Land cover image). ODNR Divi-
sion of Wildlife. Columbus, OH.
Powell DS, Faulkner JL, DarrDR, Zhu Z, MacCleeryDW. 1993. Forest
Statistics of the United States, 1992. United States Department of
Agriculture Forest Service. Report RM-234. 132 p.
Thompson M. 1981. Maps for America. Cartographic Products of the
US Geological Survey and Others. US Department of the Interior,
US Geological Survey Library, MS95O, National Center, Reston,
VA 20192. Call number qT375m. 265 p.
UNFCCC [United Nations Framework Convention on Climate Change].
1997. Kyoto Protocol to the United Nations Framework Convention
on Climate Change (FCCC/CP/1997/L.7/Addl). Kyoto, Japan. 24 p.
US EPA [United States Environmental Protection Agency]. 1995. State
Workbook: Methodologies for Estimating Greenhouse Gas Emis-
sions, Second Edition. US EPA, Office of Policy, Planning and
Evaluation, Washington, DC 20460. Report EPA 230-B-95-001.
